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ABSTRACT : PURPOSE: To form a substrate for an electronic device comprising a superconductor film 
with a stratiform perovskite type crystalline structure by a method wherei n an insulat ing 
film is formed on a silicon single crystal substrate ana tnen a dielectrRrfilm with a specif ic~ 
perovskite type crystalline structure is formed on the insulating film and further a specific 
compound layer is formed on the dielectric film. 

CONSTITUTION: An insulator film 2 is formed on a silicon single crystal substrate 1 and 
then a dielectric film 3 with a perovskite type crystalline structure represented by a general 
formula of AB0 3 wherein Pb, Ba, Sr and exceeding one kind of elements selected from a 
group of rare earth elements are contained as A while one or both of Ti, Zr are contained 
as B is formed on the insulator film 2. Furthermore, a compound layer 4 with stratiform 
perovskite type crystalline structure represented by the other general formula A 2 B0 4 .5 or 
A3B3O7-8 wherein exceeding one kind of elements selected from a group of Ba, Sr, T 
and rare earth elements are contained as A while Cu is contained as B is formed on the 
dielectric film 3. For example, a (La 0< 97Sr 0 .3)CuO 4 layer 4 is formed by sputtering 
process on the 1 00 Si single crystal substrate 1 through the intermediary of the MgAI 2 0 4 
film 2 and the BaTi0 3 film 3. 
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SPECIFICATION 



[Title of the Invention] 
Substrate for Electronic Device 

[Claims] 

1. A substrate for electronic device, characterized by that 
an insulating film is formed on a silicon single crystal substrate, 
a dielectric film which is expressed by a general formula AB0 3 and 
has a perovskite type crystal structure containing one or more 
elements selected form a group of Pb, Ba, Sr, Mg and rare-earth 
elements as A and one or both of Ti, Zr as B is formed on said 
insulating film, and 

a compound layer which is expressed by a general formula A 2 B0 4 _ 5 and 
has a stratiform perovskite type crystal structure containing one 
or more elements selected form a group of Ba, Sr, Y and rare-earth 
elements as A and Cu as B is formed on said dielectric film. 

2. The substrate for electronic device described in Claim 1, 
characterized by that 

the insulating film formed on the silicon single crystal substrate 
is a magnesium aluminate spinel (MgAl 2 0 4 ) epitaxial film. 

3. The substrate for electronic device described in Claim 1, 
characterized by that 



lumbers in the margin indicate pagination in the foreign text. 



the insulating film formed on the silicon single crystal substrate 
is a magnesium aluminate spinel (MgAl 2 0 4 ) epitaxial film and a 
magnesium (MgO) epitaxial film further formed thereon. 

4. The substrate for electronic device described in Claim 1 
wherein 

the insulating film formed on the silicon single crystal substrate 
comprises a silicon dioxide (Si0 2 ) layer formed on said silicon 
substrate surface and an insulating epitaxial film formed thereon. 

5. A substrate for electronic device, characterized by that 
an insulating film is formed on a silicon single crystal substrate, 
a dielectric film which is expressed by a general formula A 3 B 3 0 7 _ 6 
and has a perovskite type crystal structure containing one or more 
elements selected form a group of Pb, Ba, Sr, Mg and rare-earth 
elements as A and one or both of Ti, Zr as B is formed on said 
insulating film, and 

a compound layer which is expressed by a general formula A 2 B0 7 _ 5 and 
has a stratiform perovskite type crystal structure containing one 
or more elements selected form a group of Ba, Sr, Y and rare-earth 

12 

elements as A and Cu as B is formed on said dielectric film film. 

6. The substrate for electronic device described in Claim 5, 
characterized by that 

the insulating film formed on the silicon single crystal substrate 
is a magnesium aluminate spinel (MgAl 2 0 4 ) epitaxial film. 

7. The substrate for electronic device described in Claim 5,. 



characterized by that 

the insulating film formed on the silicon single crystal substrate 
is a magnesium aluminate spinel (MgAl 2 0 4 ) epitaxial film and a 
magnesium (MgO) epitaxial film further formed thereon. 

8. The substrate for electronic device described in Claim 5 
wherein 

the insulating film formed on the silicon single crystal substrate 
comprises a silicon dioxide (Si0 2 ) layer formed on said silicon 
substrate surface and an insulating epitaxial film formed thereon. 

[Detailed Description of the Invention] 
(Field of Industrial Application) 

This invention relates to a substrate for electronic device 
comprising a semiconductor layer, an insulating layer, a dielectric 
layer and a superconductor layer. 

(Prior Art) 

The critical temperature T c at which a superconductor ceramics 
having a stratiform perovskite structure represented by Ba-Y-Cu-0 
or Sr-La-Cu-0 series becomes a superconducting state is extremely 
high as compared with the T c of Nb alloys which have been used 
before, particularly Ba-Y-Cu-0 ceramics are high-temperature 
superconducting materials showing a T c above the liquid nitrogen 
temperature and have attracted attention as an industrially 
practical material. When these high-temperature superconducting 
materials are applied to electronic devices, a film having a T c of 



bulk and free of defects to increase the reliability of 
characteristics is necessary. It is desirable to prepare a single 
crystal film to meet these requirements. As methods for obtaining 
a single crystal film, a method of developing a single crystal film 
epitaxially onto a suitable single crystal substrate is given, and 
a report of preparing a single crystal film of (La^SrJ 2 Cu0 4 with 
T c of about 20K is given in Japanese Journal of Applied Physics, 26 
(4) , L524 - L525 before. 

Y-Ba-Cu-0 compounds have been known as materials showing a 
critical temperature of 80 - 90K, like a paper described in J. 
Physical Review Letters, 58, 908 - 910, but well-known thin filming 
examples have not been given yet. 

(Problems to Be Solved by the Invention) 

The (La^SrJ 2 Cu0 4 film is formed by the epitaxial growth on a 
(100) azimuth SrTi0 3 single crystal substrate. However, it is 
extremely difficult to cheaply prepare a good-quality and large- 
bore SrTi0 4 single crystal substrate, if the SrTi0 3 single crystal 
substrate is used, a problem of increasing the production cost 
exists. This invention is to solve the problems of above prior art 
and is aimed at providing a substrate for electronic device having 
a supercondicting film with a stratiform perovskite type crystal 
structure . 

(Means for Solving the Problems) 

Namely, this invention is a substrate for electronic device, 
characterized by that an insulating film is formed on a silicon 



single crystal substrate, a dielectric film which is expressed by 
a general formula AB0 3 and has a perovskite type crystal structure 
containing one or more elements selected form a group of Pb, Ba, 
Sr, Mg and rare-earth elements as A and one or both of Ti, Zr as B 
is formed on said insulating film, and a compound layer which is 
expressed by a general formula A 2 B0 4 _ 6 or A 3 B 3 0 7 _ 5 and has a stratiform 
perovskite type crystal structure containing one or more elements 
selected form a group of Ba, Sr, Y and rare-earth elements as A and 
Cu as B is formed on said dielectric film. 
( Functions) 

Magnesia spinel (MgAl 2 0 4 ) , magnesia (MgO) are considered as 
insulating single crystal films formed on the silicon single 
crystal. In this case, as proposed in Japan Appl . 57-229033, a 
good-quality single crystal can be formed via MgAl 2 0 4 grown on the 
silicon substrate instead of direct growth of MgO on the silicon 
single crystal substrate. Accordingly, a two-layer structure may 
also be taken as the insulating single crystal film. Moreover it 
has already been proposed (Japan Appl. 56-103967) that the crystal- 
Unity of said MgAl 2 0 4 film can be improved by thermal oxidation of 
the Si substrate to make it into a MgAl 2 0 4 /Si0 2 /Si structure via the 

II 

MgAl 2 0 4 film after the growth of a MgAl 2 0 4 epitaxial film formed on 
the Si substrate. Accordingly, such a structure of interposing an 
amorphous Si0 2 on the Si single crystal may also taken as the 
insulating single crystal film. 



The dielectric film formed on the above insulator film is a 
single crystal film having a perovskite type crystal structure 
expressed by AB0 37 and its preparation has already been proposed 
(Japan Kokai 59-17358) by the inventors. When high-temperature 
superconductor compound single crystal films having stratiform 
perovskite structures expressed by general formulas A 2 B0 4 , A 3 B 3 0 7 are 
formed, respectively, said dielectric single crystal film plays a 
role as a buffer layer. Because the substitutional solid 
dissolution of AB0 3 perovskite type oxides due to many elements is 
possible in a wide compositional range, the lattice constant can be 
arbitrarily controlled to some extent by the substitutional solid 
dissolution. Accordingly, a superconductor single crystal film with 
a high crystallinity can be prepared by matching the lattice 
constant of said dielectric film and the lattice constant of said 
stratiform perovskite type superconductor film formed thereon. The 
above dielectric film and the superconductor film have same 
perovskite structure but the both have different constituent 
elements, moreover, the .former is an AB0 3 type simple perovskite 
structure while the latter is an A 2 B0 4 or A 3 B 3 0 7 type special 
stratiform regular structure. Accordingly, the both are materials 
with different constituent elements and crystal structure, usually, 
it is a common sense of those skilled in the art that a single 
crystal film almost cannot be obtained on different materials. As 
described above, it has been reported in Japanese Journal of 
Applied Physics, 26 (4), L524 - L525 that an A 2 B0 4 type (La^ 



x Sr x ) 2 Cu0 4 single crystal film in the claims of this invention is 
prepared on an AB0 3 type SrTi0 3 single crystal substrate, but the 
(La 1 . x Sr x ) 2 Cu0 4 is epitaxially grown on a bulk single crystal 
substrate, and then the (La^SrJ 2 Cu0 4 is not immediately 
epitaxially grown on the SrTi0 3 single crystal film developed on a 
different single crystal substrate like the insulator Si of this 
invention. This is because a large residual stress caused by a 
thermal expansion difference with the substrate works in the 
epitaxially grown SrTi0 3 film and the crystal surface energy -of- 
film is different from the bulk single crystal, and it is general 
that these factors exert great influence on the generation of 
crystal nuclei during the epitaxial growth and a totally different 
modality from a case of growing on the bulk single crystal is 
shown. 

In this invention, the film thickness of MgAl 2 0 4 , MgO single 
crystal film may be 1, 000 A, and the cost for preparing devices can 
be lowly suppressed as compared with the case of using a SrTi0 3 
single crystal substrate because a good-quality and large bore Si 
which can be cheaply available is used as the substrate. Moreover, 
high functions can be held in superconducting devices by using a 
matured technique of Si semiconductor integrated circuit because 
the Si substrate is used. For example, this invention enables the 
development of an electric field effect type superconducting 
transistors using an superconducting film in source electrode and 
drain electrodes and LSI made by superconducting wires, etc., thus 



the spread effect of this invention is very large. 
(Actual Example 1) 

MgAl 2 0 4 was epitaxially grown on a Si single crystal substrate 
with face azimuth (100), BaTi0 3 was epitaxially grown thereon and 
then (Lao.97Sro.03) 2 Cu0 4 was epitaxially grown thereon by sputtering 
process. Fig. (a) , (b) , (c) are illustrative diagrams, 1 is a (100) 
single crystal substrate, 2 is an MgAl 2 0 4 epitaxial film grown by 
the vapor-phase growth process, 3 is a BaTi0 3 epitaxial film grown 
by the sputtering process. 4 is a (La,Sr) 2 Cu0 4 single crystal film 
prepared by the sputtering process. The vapor-phase growth of 
MgAl 2 0 4 was made by a method which has already been proposed (Japan 
Appl. 57-136051). Namely, the formation of MgAl 2 0 4 takes place by 
a reaction MgCl 2 + 2A1C1 3 + 4C0 2 + 4H 2 - MgAl 2 0 4 + 4CO + 8HC1 using 
a reaction gas of A1C1 3 , C0 2 , H 2 gases formed by reacting MgCl 2 , Al 
and HC1 gases and a carrier gas of N 2 gas. It was grown at a growth 
temperature 95°C and the film thickness was taken as 0.1 urn. It was 
confirmed that a MgAl 2 0 4 of (100) azimuth was grown by X-ray 
diffraction and electron ray diffraction. The BaTi0 3 epitaxial film 
was prepared by a method which has already been proposed (Japan 
Appl. 59-17358). Namely, it was carried out at a substrate 
temperature of 600°C in a 10% 0 2 -Ar mixed gas with BaTi0 3 powder as 
target by high-frequency magnetron sputtering process. The film 
thickness was taken as 0.4 urn. Like MgAl 2 0 4 , it was confirmed to be 

/! 

a film epitaxially grown in (100) azimuth by X-ray diffraction and 



electron ray diffraction. An (La 0 . 9 7Sr 0 . 03 ) 2 Cu0 4 epitaxial film of 1 
in film thickness was prepared by high-frequency magnetron 
sputtering process. It was carried out at a substrate temperature 
of 700°C in an 0 2 -Ar mixed gas with a powder precalcined at 950°C 
and containing 5 mol% excess of CuO as target by high-frequency 
magnetron sputtering process in the form of mixing oxides or 
carbonates so as to become the above (La 0<97 Sr 0>03 ) 2 Cu0 4 . It was 
confirmed to be an epitaxial film oriented in the (100) azimuth and 
having A 2 B0 4 type stratiform perovskite structure by X-ray 
diffraction and electron ray diffraction. Moreover, it was 
confirmed that the epitaxial growth was similarly made when other 
rare-earth elements were used in place of La. 
(Actual Example 2) 

A (Y,Ba) 3 Cu 3 0 7 film was epitaxially grown in place of 
(La, Sr) 2 Cu0 4 in Actual Example 1. A 0.4 jam film of a composition 
with the ratio of Y to Ba as 1:2. The growth was similarly carried 
out by the magnetron sputtering process as in Actual Example 1. A 
ceramics powder material was used as target. It was confirmed to be 
an epitaxial film oriented in the (100) azimuth and having A 3 B 3 0 7 
type stratiform perovskite structure by X-ray diffraction and 
electron ray diffraction. Similar results were also obtained when 
other rare-earth elements were used in place of Y. 
(Actual Example 3) 

A (Ba,Sr)Ti0 3 film was epitaxially grown in place of BaTi0 3 in 
Actual Example 1. The growth was similarly carried out by the 



magnetron sputtering process as in Actual Example 1, and the film 
thickness was taken as 0.4 urn film. Three kinds of target (Ba^r^ 
x )Ti0 3 powders of compositions x = 0.25, 0.50, 0.75 were used. 
(La 0t97 Sr 0 .03)2CuO 7 and (Y, Ba^jCu^^epitaxial films were grown on the 
above (Ba,Sr)Ti0 3 film by the magnetron sputtering process, 
respectively. It was confirmed to be epitaxial films oriented in 
the (001) azimuth and having A 2 B0 4 and A 3 B 3 0 7 type stratiform 
perovskite structures by X-ray diffraction and electron ray 
diffraction. 

(Actual Example 4) 

A Si substrate was thermally oxidized via the MgAl 2 0 4 film 
which was epitaxially grown on the (100) Si single crystal sub- 
strate to form Si0 2 between the MgAl 2 0 4 film and the Si substrate, 
then a BaTi0 3 film was epitaxially grown on the MgAl 2 0 4 epitaxial 
film and (La, Sr ) 2 Cu0 4 was epitaxially grown thereon. 

Fig. 2 is a process chart of this actual example. 5 is a Si 
substrate, 6 is an MgAl 2 0 4 film, 7 is Si0 2 , 8 is a BaTi0 3 epitaxial 
film, 9 is an (La,Sr) 2 Cu0 4 epitaxial film, (a) is an MgAl 2 0 4 growth 
step, (b) is a formation step of Si0 2 by thermal oxidation, (c) is 
a growth step of BaTi0 3 , and (d) is a growth step of (La, Sr ) 2 Cu0 4 . 
The single crystallinity of MgAl 2 0 4 was not imparled by the thermal 
oxidation. The condition of thermal oxidation is steam oxidation at 
1,100°C. Instead, the half-value width of X-ray locking curve 
decreased by about 30% and the crystallinity was improved. The 
epitaxial growth of MgAl 2 0 4 , BaTi0 3 was made by same process as the 



actual examples. 

(Actual Example 5) 

A 0.1 urn-thick MgAl 2 0 4 film was epitaxially grown on a (100) 
Si single crystal substrate,, a 0.1 um-thick MgO film was 
epitaxially grown thereon, then a 0.4 urn-thick BaTi0 3 film was 
epitaxially grown thereon, and a 1 um-thick BaTi0 3 film was 
epitaxially grown thereon. The construction of said epitaxial films 
made by this actual example is shown in Fig. 3. 10 is an Si single 
crystal substrate, 11 is an MgAl 2 0 4 epitaxial film, 12 is an MgO 
epitaxial film, 13 is a BaTi0 3 epitaxial film, and 14 is a 
(La, Sr ) 2 Cu0 4 epitaxial film. 

In the A 3 B 3 0 7 _ 5 prepared in the above actual examples, a 5 value 
in a range of analytic result 0 < 5 < 0.8 can be obtained. The 
superconducting characteristic was confirmed in both A 2 B0 4 and 
A 3 B 3 0 7 _ 5 . 

(Effects of the Invention) 

As described above, this invention enables to easily form 
films having a stratiform perovskite structure. If such advantages 
that a large bore and good-quality silicon single crystal substrate 
is available at a low price and superconductor function elements 
and silicon -IC can be integrated are considered, the industrial 
value of this invention is large. 



[Brief Description of the Invention] 



/5 



The constitution of substrate based on this invention is shown 
in Fig. 1 - Fig. 3. 
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